Dengue virus (DENV) is the most frequent arbovirus worldwide. In this study, we report a large outbreak in Mato Grosso State (MT). Serum samples from 604 patients with acute febrile illness for less than five days were inoculated in C6/36 cells, then infected cells were subjected to an indirect immunofluorescence test for DENV serotypes and yellow fever virus. Serum samples were submitted to a multiplex-semi-nested-RT-PCR for 11 flaviviruses. DENV-4 was isolated in 150/604 (24.8%) and DENV-1 in 19/604 (3.1%) specimens. By RT-PCR, 331 (54.8%) samples tested positive for DENV; 321 had single infections (DENV-4 n = 305; DENV-1 n = 15; DENV-3 n = 1), nine had co-infections of DENV-1/DENV-4, and one of DENV-2/DENV-4. DENV-4 was detected in 315/331 (95.2%) positive patients from 17 municipalities, and DENV-1 in 24/331 (7.2%) patients from five cities in north-central MT and the city of Cuiaba. The incidence of infection was higher in patients aged 20-39 (142/331; 42.9%). The NS5 partial nucleotide sequence of DENV-1 was most similar to that of genotype V, DENV-2 to Southeast Asian/American, DENV-3 to genotype III, and DENV-4 to genotype II strains, considered the most frequent strains in Brazil. This outbreak coincided with the introduction of DENV-4 in the state. Cuiaba was hyperendemic for the four DENV serotypes, highlighting the necessity for arbovirus surveillance in MT.
INTRODUCTION
Arboviruses are frequently associated with worldwide outbreaks, posing a significant risk to public health. The Flavivirus genus comprises several human pathogens associated with undifferentiated acute febrile illness, hemorrhagic fever, or encephalitis; these pathogens include dengue (DENV), yellow fever (YFV), Saint Louis encephalitis (SLEV), West Nile (WNV) and Rocio (ROCV) viruses 18 .
Flaviviruses are enveloped viruses, containing an icosahedral nucleocapsid and a single-stranded positive-sense genomic RNA of approximately 11 kb. A single open reading frame encodes a polyprotein processed into three structural (C, prM, and E) and seven nonstructural (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) proteins 16, 22 . DENV has become the most important arbovirus for public health, causing large urban outbreaks mainly in tropical and subtropical areas worldwide 43 . There are at least four closely related, but antigenically distinct, DENV serotypes (DENV-1 to -4) and several intra-serotype genotypes with up to 6% divergence in the E/NS1 region 19 . Additionally, different lineages within a given genotype have been described 10, 44 . Intra-serotype genotypes and lineages have been shown to vary in their virulence and, therefore, in their tendency to produce severe disease 44 . DENV is maintained in urban transmission cycles by the day-biting anthropophilic mosquitoes Aedes (Ae.) aegypti and Ae. albopictus 40 .
Clinical infection was previously classified as dengue fever (DF) and dengue hemorrhagic fever (DHF) grades I-IV; grades III and IV comprised the dengue shock syndrome (DSS) 18 . According to the criteria revised by the World Health Organization (WHO), the disease is currently classified as dengue with or without warning signs and severe dengue 3, 42 . Lately, atypical forms of the disease, accompanied by myocarditis, hepatitis, meningoencephalitis, and/or acute kidney failure have also been reported 12 .
Only nine countries reported large dengue outbreaks before 1970. However, since 1990, the global incidence of dengue has increased dramatically due to human travel, urban population expansion, and climate conditions propitiating Ae. aegypti proliferation 1 . Currently, dengue has reached global endemicity, with more than 100 countries affected in the Americas, Western Pacific and Southeast Asia 43 .
In Brazil, the first evidences of DENV circulation were observed in the state of Sao Paulo (SP) in 1916, and in the state of Rio de Janeiro (RJ) in 1923 25, 31 . The lack of reports between 1924 and 1981 was attributed to the eradication of Ae. aegypti 11 . Reemergence of vector populations was followed by reports of DENV-1 and DENV-4 outbreaks during [1981] [1982] . The first autochthonous case of DENV-2 infection was identified in RJ in 1990 29 . Both serotypes continued to circulate in subsequent years, resulting in the first DHF cases in Brazil 11, 39 . DENV-3 dissemination occurred after its introduction in RJ in 2000 28 . DENV-4 genotype I was first identified in patients without travel history from Manaus, Amazonas (AM) in 2008. DENV-4 genotype II was introduced in Boa Vista, RR in 2010, disseminating to several states in the subsequent years 13, 36 .
Nowadays, all four serotypes co-circulate in the Brazilian territory with varying frequencies among the different regions. Several events of clade replacements have occurred, and co-circulation of different intra-serotype genotypes and lineages has also been described in the country 10 . Introduction of new serotypes, genotypes or lineages within the same genotype, and the co-circulation of these viruses, contribute to the increased incidence, morbidity, and mortality of the disease 14, 35 . A higher incidence of dengue was evidenced mainly in northern, northeastern, and midwestern regions of Brazil after 1997, which is likely attributed to areas in which the socio-environmental conditions are favorable for Ae. aegypti proliferation 37 . Nowadays, dengue epidemics occur cyclically in the state of Mato Grosso (MT), midwestern Brazil, especially after 1995, coinciding with an intense demographic influx 35 . Data from the Brazilian Ministry of Health Information System for Notifiable Diseases (SINAN) indicate that at least 44,814 cases and 25 deaths were attributed to DENV in MT during 2012 7 .
The aim of this study was to investigate the circulation and frequency of DENV serotypes in patients with acute febrile illness persisting for up to five days during a dengue outbreak in MT. Inoculation in C6/36 cells and indirect immunofluorescence for DENV serotypes and YFV: C6/36 cells (ATCC CRL-1660) cultured in tubes containing 1 mL of L-15 medium supplemented with 5% fetal bovine serum, non-essential amino acids and glutamine were inoculated with 20 µL of serum. After five to seven days, indirect immunofluorescence (IFI) was performed in the inoculated cells using polyclonal antibodies against flaviviruses (1:100). Positive samples were subjected to a second assay using monoclonal antibodies for DENV-1, 2, 3, and 4 and YFV (1:800). Anti-mouse IgG (1:1,000) was used in both reactions. The IFI was performed at the Central Public Health Laboratory of Mato Grosso (LACEN-MT) according to standard protocols and reagents provided by the Brazilian Ministry of Health. Viral RNA extraction and multiplex semi-nested RT-PCR for flaviviruses: Viral RNA extracted from 140 µL of serum using the QIAamp Viral RNA mini kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions, was subjected to reverse transcription. The protocol targets a region of 958 bp from the NS5 gene of flaviviruses and was used with some modifications 6 . Briefly, the extracted RNA (9 µL) was reverse transcribed to cDNA using 100 U of Superscript III (Invitrogen), genus-specific reverse primer FG2 (15 µM Positive specimens were tested twice in independent single or duplex RT-PCR reactions, depending on whether they were single or co-infections, respectively, with the same forward and species-specific reverse primers.
MATERIALS AND METHODS

Ethics
Viral RNA of DENV-1 genotype I strain Mochizuki, DENV-2 isolate SpH 125367, DENV-3 genotype III strain RPDen06/41, DENV-4 genotype II strain Boa Vista, SLEV genotype V-B strain BeH 355964, YFV 17DD, and ILHV isolate BeH 7445 were included as positive controls, as well as a no-template control. Precautions to avoid contamination were followed. Positive controls used in the study were sequenced and compared to sequences obtained from DENV-positive patients to exclude the possibility of contamination.
Nucleotide sequencing and analysis of RT-PCR amplicons:
Amplicons obtained by single semi-nested RT-PCR for DENV serotypes were sequenced (3500 Genetic Analyzer, Applied Biosystems (Thermo Fisher Scientific Inc., Waltham, MA, USA). Nucleotide sequences, aligned with MEGA (5.0) and Geneious (6.0.6), were compared with DENV reference sequences (BLASTn; NCBI). All NS5 partial nucleotide sequences were deposited at the GenBank database, and they can be accessed through their corresponding accession numbers.
Data analysis:
A database with the SINAN data was introduced in Epidata Entry (Version 3.1), analyzed with Epidata Analysis (2.2.2.178) and Microsoft Excel 2010. Descriptive analysis and the two-proportion test were conducted to verify the relationship of symptoms and infection with arboviruses.
RESULTS
Molecular identification and frequency of DENV serotypes in patients from MT:
Among the 604 patients suspected of dengue, 331 (54.8%) were positive for DENV by RT-PCR in 17 municipalities of MT. Molecular identification of DENV serotypes indicated that, within the subset of positive samples, 321 had single infections, including 305 with DENV-4, 15 with DENV-1, and one with DENV-3. Co-infections were detected by RT-PCR in 10 (3.0%) of the 331 patients: nine were co-infected with DENV-1 and DENV-4 in Cuiaba (3; 30.0%), Sinop (3; 30.0%), Sorriso (2; 20.0%), and Santa Carmem (1; 10.0%), and one (10.0 %) was co-infected with DENV-2 and DENV-4 from Cuiaba. In Cuiaba, all four DENV serotypes were identified (eight patients were positive for DENV-1, one for DENV-2, one for DENV-3, and 244 for DENV-4) ( Tables 1 and 2 ). RNA extracted from the serum of all patients that tested positive for DENV-1, 2, and 3, or with co-infections, was tested at least twice in independent reactions and confirmed by nucleotide sequencing.
Three patients were co-infected by SLEV and DENV-4 in Varzea Grande and Cuiaba. These results will be described separately in a study involving mosquito samples as well. The remaining 273 patients (45.2%) were negative for the 11 flaviviruses screened using the multiplex seminested RT-PCR.
Clinical and epidemiological characterization of DENV-positive patients: Among the 331 patients positive for DENV, DENV-4 was the most prevalent serotype, detected in 315 (95.2%) patients from 17 distinct municipalities, most of them (277; 87.9%) residents of the metropolitan area of Cuiaba and Varzea Grande, in south-central MT (Table 1) . DENV-1 was detected in 24 (7.2%) patients from five cities, mainly in mid-north MT and in Cuiaba (Table 1 Clinical and epidemiological aspects were evaluated according to parameters established by the Brazilian Ministry of Health. Among all the parameters included in the analysis, a statistical correlation was found only between having DENV-4 infection, being an urban resident and absence of previous similar disease. However, patients aged 20-39 were the most affected, with 142/331 (42.9%) patients in this age group, followed by the 40-59-year-old group (69/331; 20.8%). Co-infections were also more frequent in these two groups, with four (44.5%) in the 20-39 age group, three (33.3%) in the 40-59 age group, one (11.1%) in the five-nine age group, and one (11.1%) in the 10-14 age group. Children under the age of five and the elderly presented a slightly higher prevalence, with 10/18 (55.5%) and 11/21 (52.4%) positive cases, respectively. Men and women were affected equally by DENV-4. However, 66.7% (16/24) of patients positive for DENV-1 were women. Co-infections by DENV-1 and DENV-4 were also more frequent in women (66.7%; 6/9) ( Table 1) .
One patient, a twelve-year-old male resident of the city of Cuiaba, who presented hyperthermia, headache, emesis and epigastric pain, and without history of similar disease, travel or recent access to rural/ sylvatic areas, was co-infected with DENV-2 and DENV-4. The partial nucleotide sequence of the NS5 gene of DENV-2 (316 bp; accession number KM085992) showed 97% similarity with several DENV-2 strains, including the sequence of the BR42727/RJ/91 (accession number HQ012534) genotype Asian/American lineage I. 
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Another patient, a ten-year-old girl living in Cuiaba, who presented hyperthermia, headache, myalgia and emesis, with a previous history of similar illness and without a history of recent travel or visit to rural/ sylvatic areas, was positive for DENV-3. The NS5 partial nucleotide sequence (628 bp; accession number KM085993) presented 96% similarity with the sequence of the DENV-3 BR/BID-V3590/2007 isolate (accession number GU131869) belonging to genotype III of Caribbean/ South America lineage from Sao Paulo.
The most frequent symptoms in patients infected with DENV serotypes included hyperthermia (82.8%), myalgia (75.4%), headache (66.0%), and hemorrhagic manifestations (21.5%), including thrombocytopenia, petechiae, hemoptysis, eczema, and gingival bleeding. Co-infected patients presented hyperthermia (90.0%), headache (90.0%), myalgia (80.0%), arthralgia (60.0%), and retrorbital pain (30.0%) ( Table 2 ). Most of the sampled and, consequently, infected patients, described themselves as belonging to a mixed ethnic group (mixture of white and black) ( Table 1) .
Based on the clinical manifestations, the majority (81.6%; 270/331) of dengue-positive patients were classified as having dengue without warning signs and, some were classified as having dengue with warning signs (5.1%; 16/331), according to the clinical data obtained at the time of sample collection ( Table 2) . Among the co-infected patients, nine of the 10 co-infected with DENV-1/DENV-4 were classified as having dengue without warning signs, while only one patient co-infected with DENV-2/ DENV-4 was diagnosed with dengue with warning signs. Severe dengue was registered in only one DENV-4 patient. Statistically, no differences were observed in the clinical data obtained at the time of sample collection between patients with single infections or co-infections; there was also no difference in the clinical characteristics of patients showing positivity 493 for different DENV serotypes (Table 2) . However, clinical follow-up was not performed for these patients.
Most of the individuals were sampled in May, and at that time 50.5 % (157/311) of them were positive for DENV; however, a higher prevalence of the virus was seen in April (73.3%; 44/60).
DISCUSSION
Arboviruses pose a significant public health problem worldwide. The incidence of dengue and the geographical distribution of DENV serotypes have expanded in the past decades, despite efforts through governmental programs to control vector proliferation and disease incidence. Dengue is responsible for large outbreaks worldwide, with an estimated 390 million infections every year, of which 96 million are clinically apparent, mainly in tropical and subtropical areas 18, 43 .
Brazil contributed with a significant number of dengue cases in the Americas' reported to the WHO 34 . In this regard, studies aimed to identify risk factors for DENV transmission, the spatial distribution of vector populations and serotype frequency are important to comprehend the epidemiological determinants contributing to disease's spreading. Moreover, Brazil is a country with a surface area of over eight million km 2 , meaning that epidemiological findings may vary significantly between regions.
In Brazil, DENV serotypes are widely dispersed. The disease has been considered endemic since 1995 in MT. In recent decades, economic factors associated with the uncontrolled urbanization, dispersal and adaptation of Ae. aegypti have contributed to the cyclical occurrence of dengue epidemics 35 . However, studies involving the distribution and frequency of serotypes, in the MT population, are lacking. For this reason, in this study, we aimed to characterize the circulation of flaviviruses in patients with acute febrile illness during a dengue outbreak in MT.
Most of the patients included in this study presented DENV-4 RNA in their serum samples, which can be attributed to the recent introduction of this serotype in the state, and a few patients were positive for DENV-1 RNA, corroborating the data from the State Health Authority 7 . DENV-4 infection was more common in mid-southern MT, whereas DENV-1 predominated in the north region of the state and in Cuiaba. Moreover, two patients from Cuiaba without a history of recent travel tested positive for DENV-2 and DENV-3, indicating that these serotypes may have circulated in the state during this period.
Although underreporting is common, between January and April of 2012, 81.6% of the dengue cases (286,011 cases) were reported in ten Brazilian states 26 . The southeastern region of the country had the highest positivity for DENV, representing 41.7% of cases (49.7% of them caused by DENV-4, 46.8% by DENV-1, 3.4% by DENV-2, and 0.1% by DENV-3), followed by 36.3% in the northeastern region (81.5% by DENV-4, 16.8% by DENV-1, 0.9% by DENV-2, and 0.8% by DENV-3). Also, 10.5 % of the cases were registered in the north region of Brazil (59.3% by DENV-4, 36.4% by DENV-1, 4.1% by DENV-2, and 0.2% by DENV-3), 10.3% in the midwestern region (53.3% by DENV-1, 36.6% by DENV-4, and 10.1% by DENV-2), and 1.2% in the South (83.8% by DENV-1, 13.5% by DENV-4, and 2.7% by DENV-2) 26 . DENV-4 was the predominant serotype causing epidemics in the Southeast, North, and Northeast, followed by DENV-1, which was more frequent in the midwestern and southern regions. The states of Rio de Janeiro, Bahia, and Pernambuco registered higher incidences, while MT ranked seventh in terms of reported cases. Despite MT belongs to the midwestern region, the vast majority of cases observed in the state were caused by DENV-4 (96.3 %), with 8,101 cases per 100,000 inhabitants in Cuiaba, representing the fourth highest incidence among cities in Brazil in 2012 26 .
Only half (150/315; 47.6%) of the positive samples for DENV-4 by RT-PCR were also positive by immunofluorescence following inoculation in C6/36 cells. DENV-2-and DENV-3-positive samples and co-infections reported here were not identified using this technique, emphasizing the importance of molecular identification and typing for arboviruses 24 . Most of the positive samples by ICC/IFA were also positive by RT-PCR. It is possible that freezing/thawing the samples, combined with antigenic variability and the well described increased sensitivity of molecular techniques in comparison with viral isolation, have influenced these results.
The coexistence of the four DENV serotypes in an endemic area with subsequent epidemics is described as a hyperendemic state 30 . This scenario was reported in 2002 in Puerto Rico and in 2008 in Delhi, India, and in several districts in Nepal 5, 23, 32 . In Brazil, the circulation of the four serotypes was reported in Manaus, Sao Paulo, and Rio de Janeiro in 2011 4, 27, 41 . The city of Cuiaba, which is the capital of MT, has demographic, climatic, and environmental conditions that favor vector proliferation and consequently the epidemiological cycle of the virus. The last survey of the Ae. aegypti rapid index (LIRAa), conducted in Cuiaba during 2012, indicated a mean larval infestation of 3.1, considered as elevated risk for DENV transmission 7 . Moreover, the genotypes of DENV circulating in MT in 2012, namely DENV-1 genotype V, DENV-2 Southeast Asian/American genotype, DENV-3 genotype III, and DENV-4 genotype II, are the predominant genotypes within these serotypes circulating in Brazil, including Manaus, AM in 2011 24 .
The introduction of new DENV serotypes in fully susceptible populations, associated to a high density of vector mosquitoes, propitiate the occurrence of large outbreaks 9, 15, 32 . In this regard, DENV-4 was first detected in central-south MT in 2012. This serotype had never been previously reported in the state, and it has probably replaced another circulating serotype, such as DENV-1, in the population. Most of the DENV-4-infected patients where from Cuiaba and Varzea Grande (277/315; 87.9%). In the north of the state, DENV-1 remained more prevalent (15/24; 62.5%).
Statistical analysis revealed an association between DENV-4 infection, residency in urban areas and absence of previous history of similar disease. These findings were expected since dengue is considered an exclusively urban disease in the Americas 40 . Furthermore, DENV-4 was not reported in Brazil since 1981. Immunity resulting from previous exposure to DENV is serotype specific. Cross-protection is observed only for a few months after the onset of disease. However, only serological studies involving the detection of serotype-specific IgM and IgG can elucidate the hypothesis of primary infection since most DENV infections are subclinical. The lack of statistical association between DENV-1, DENV-2 and DENV-3 infection with possible risk factors and clinical data, in this study, may be due to the low number of DENV-positive patients carrying these serotypes, especially when compared to the number of patients included in the study.
The nine cases of co-infections by DENV-1 and DENV-4, and one by DENV-2 and DENV-4 were found in Cuiaba. Co-infections are more frequent in tropical areas where different serotypes co-circulate 14, 24 . Risk factors for DENV infections and co-infections include the virulence of the circulating serotype, the immunity status of the human population, and the density of vector population, leading to multiple exposures to infected mosquitoes 5, 14 .
The first report of co-infection by DENV serotypes occurred in Puerto Rico in 1982. Co-infections occur naturally and are not necessarily associated with increased disease severity. In Brazil, co-infections by DENV-2/DENV-3 were reported in Taua, in the state of Ceara 2 ; by DENV-2/DENV-4, DENV-1/DENV-2, DENV-1/DENV-4, and DENV-3/ DENV-4 in Manaus AM 4, 24 ; and by DENV-1/DENV-4 in Sao Jose do Rio Preto, SP 8 . Because clinical follow up was not performed in this study, it is not possible to determine whether co-infections resulted in increased disease severity. Some authors have noticed that concurrent infections by different DENV serotypes may increase severity due to increased virus titers and other factors 24 . The absence of a clinical correlation between co-infections and disease outcome has already been reported 8 .
In this study, the co-infection by DENV-2/DENV-4 was classified as dengue with warning signs, while all co-infections by DENV-1/ DENV-4 were classified as dengue without warning signs. This may be due to the fact that the Southeast Asian/American DENV-2 genotype is usually more virulent than other serotypes/genotypes and has been the most prevalent genotype of DENV-2 circulating in Brazil in the past 15 years 24 . Most infected patients reported their ethnicity as a mixture of white and black (Table 1) , and in MT, 55% of the population belongs to this ethnic group 20 .
The recent introduction of DENV-4 in MT, which accounted for 95.2% of the cases in the state, may be responsible for the higher incidence in the 20-39 age group, since DENV-4 remained undetected in the country between 1981 and 2008. During this period, young adults remained seronegative and consequently fully susceptible to infection by DENV-4 13 . In previous studies, a higher incidence of dengue was observed in the patients on the age groups of five-14 and 15-19 in Cuiaba, probably resultant from the endemic state of MT for other serotypes despite DENV-4 35 . Since the distribution of the population from MT between several age groups is proportional, the age of the population is not a factor that affects the incidence of the disease in MT 13 .
Population immunity in areas where dengue outbreaks occur frequently influences the incidence of the disease among the different age groups. Co-circulation of DENV serotypes for extended periods in a given area is thought to increase exposure. Consequently, adults present higher frequencies of monotypic immunity to DENV serotypes than children. Therefore, the cumulative effect on the adults immune system due to several episodes of dengue caused by different DENV serotypes may explain the higher predominance of dengue in younger age groups in hyperendemic areas 34 .
In our study, hemorrhagic manifestations were not more frequent in children younger than the age of five, or in the elderly, demographic groups considered more prone to severe dengue. However, this study enrolled patients with acute manifestations (one-five days since the symptoms onset), while hemorrhagic fever generally develops later in the course of the infection. Despite the reduced number of children younger than the age of five included in the present study, when considering patients in the same age group, hemorrhagic manifestations were more frequent within this age group, similar to reports from Southeast Asia and North Brazil 21, 33 .
Approximately 45% of the sampled patients with undifferentiated acute febrile illness where negative for flaviviruses. Other infectious diseases and biochemical/hematological results were not systematically investigated, and the requirement for low temperatures and agility to process the samples, associated with the relatively high mean ambient temperature observed in Cuiaba, may have contributed to these negative results, especially regarding ICC/IFA.
There is no available data concerning the frequency of the DENV serotypes in the MT population in previous years. The results presented in this study highlight the need for a broad entomological and virological surveillance in order to deepen our understanding of the epidemiology of dengue in MT.
RESUMO
Surto de dengue em Mato Grosso, centro-oeste do Brasil
O vírus da dengue (DENV) é o arbovirus mais frequente no mundo. Neste estudo, é relatada uma epidemia de grandes proporções no estado de Mato Grosso (MT). Amostras de soro de 604 pacientes com doença febril aguda a menos de 5 dias foram inoculadas em células C6/36 seguida de Imunofluorescência indireta para os sorotipos do DENV e vírus da febre amarela e submetidas a multiplex-semi-nested-RT-PCR para 11 flavivírus. O DENV-4 foi isolado em 150/604 (24,8%) e DENV-1 em 19/604 (3,1%) amostras. Por RT-PCR, 331 (54,8%) pacientes foram positivos para DENV; 321 com infecções únicas (DENV-4 n=305; DENV-1 n=15; DENV-3 n=1), nove co-infecções entre DENV-1/DENV-4 e uma com DENV-2/DENV-4. O DENV-4 foi detectado em 315/331 (95,2%) pacientes de 17 municípios e o DENV-1 em 24/331 (7,2%) pacientes de 5 cidades da região centro-norte de MT e em Cuiabá. A incidência de infecção foi maior em pacientes de 20-39 anos (142/331; 42,9%). As sequências de nucleotídeos de região do gene NS5 do DENV-1 apresentaram maior similaridade com o genótipo V, do DENV-2 com Sudeste Asiático/Americano, DENV-3 com genótipo III e DENV-4 com genótipo II, considerados os mais frequentes no Brasil. Esta epidemia coincidiu com a introdução do DENV-4 no estado. Cuiabá foi considerada hiperendêmica para os quatro sorotipos do DENV, ressaltando a necessidade de vigilância para arbovírus em MT.
